Pig lying patterns can provide information on environmental factors affecting production 9 efficiency, health and welfare. The aim of this study was to investigate the feasibility of using 
Introduction

20
The welfare of an animal can be defined using its behaviour, physiology, clinical state and 
76
From the 12 pens in a room, two pens were selected for the experiments, each containing 22 77 pigs (Fig. 1) . The white fluorescent tube lights were switched on during day and night. Room 
Image processing
83
The camera (Sony RF2938, EXview HAD CCD, Board lens 3.6 mm, 90 o ) was located 4.5 84 meters above the ground with its lens pointing downward and directly above each pen to get a 85 top view (Fig. 1 ). Cameras were connected via cables to a PC and video images from the 86 cameras were recorded simultaneously for 24 hours during the day and night and stored in the 87 hard disk of the PC using Geovision software (Geovision Inc.) with a frame rate of 30 fps.
88
The original resolution of an extracted image from the video was 640 × 480 pixels and 
106
In order to remove Barrel distortion in the images, camera calibration was carried out using Since each single pig in the image is similar to an ellipsoidal shape, the x-y coordinates of 123 each binary image could be used for ellipse fitting algorithms to localize each pig. As a result,
124
ellipse parameters such as "Major axis length", "Minor axis length", "Orientation" and
125
"Centroid" could be calculated for all fitted ellipses to separate the touching pigs ( Fig. 3 ).
126
Therefore each pig's body was extracted as an ellipse using the direct least squares ellipse 
132
The Delaunay Triangulation (DT) of a set of P points on a plane is defined to be a 
141
In this study the method used for the computation of the DT was implemented in MATLAB 142 software and we used the centre of each ellipse ( 
151
The perimeter of each triangle in the DT shape reflects how closely pigs touch each other, frames in pen II as described in the following paragraph.
161
The four time periods were selected in times when almost all pigs were lying. In the case that 162 pig(s) were not lying during the aforementioned period, we used the image locomotion Finally, after finding the pigs in motion, by removing these active pixels in the ellipse fitting 171 algorithm we fitted ellipses to lying pigs only in the last frame (Fl). 
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206
The averages temperatures of four sensors within each pen (see Fig. 1 ) in the two pens during 
231
The extracted data from the images were submitted to regression analysis (SPSS ® 21, IBM,
232
USA) to evaluate the effects of environmental temperature on the MVP in both pens ( In the presented study, video monitoring of pig lying behaviour, which was performed 238 through image processing techniques and using the DT, showed that at higher temperatures, By comparing temperatures in the two pens and according to the MVP data, pigs tended to lie 249 further apart and had less contact in pen I (Fig. 9 ) than in pen II (Fig. 10) . In some cases the
250
MVP was different at identical temperatures in both pens. This is likely due to additional 
